The paper presents the results of a study on evaluation of a selected group of physical properties of dry mixtures of juniper in relation to the process of their cleaning and separation using two types of cleaning separators. It has been shown that the course and the effectiveness of the process of separation of juniper berry-like cones from a dry mixture depends on the recognition of certain physical properties of the mixture as well as the type and parameters of the used separator devices. In addition, the most important geometric and dimensional characteristics of particular fractions obtained in the process of separation and cleaning of the mixture were specified.
INTRODUCTION
Common juniper(Juniperuscommunis l.) is a shrub, more rarely a tree with variable height and form. It occurs in central and southern Europe, Asia Minor, northern parts of Asia, Africa and in North America. In the food, pharmaceutical and cosmetic industries juniper berry-like cones are used in ground form or asextracts or as essential oils. To a lesser extent essential oils obtained from the needles and twigs are also used. Berry-like cones of common juniper are obtained from specimens growing in the wild, and hence plantations of this plant are not established. The content of essential oil varies depending on the origin of the raw material, the amount of sunshine, as well as climatic and soil conditions and it ranges from 0.7-0.8% in immature fruits to 2.85% in the berries harvested in warm and dry mountain areas. The berry-like cones with the highest content of essential oils are used as spice and raw material for the gin production, while those of inferior quality are designated to produce cosmetic oil and for pharmaceutical industry (Kozłowska 2002 ,Horabik 2001 , Lorestani et al. 2012 , Ożarowska et al. 1989 , Tylek et al. 2002 , Kuźnicka et al. 1987 . Cosmetic industry adapted both fruits and essential oils obtained from juniper as valuable resources -they are ingredient of tonics, aftershave lotions, air fresheners, insect repellents, and as an important component of perfumes, both for men and women. Juniper wood is also known and appreciated -high content of essential oils deter pests. Temples were built of it and in wealthier homes there were wardrobes and boxes, which repelled tineid moths. Today the wood and its aromatic properties are used in food industry -the most expensive and the best cuts of meats and cold cuts are smoked in juniper smoke. The main final raw material are juniper berry-like cones that have to be separated and cleaned after harvest using sieve-pneumatic or vibratory separators (Dmitrewski 1981 , Jurga 1997 ). Sieve separation is based on one of the basic characteristics for separating heterogeneous mixtures viz. geometric features such as thickness, width and length. The procedure relies on passing of the separated material through a single or a set of sieves of varied construction or shape of the holes under the two conditions determining the separation of a mixture -the separation will take place only when the dimension of the sieve holes lies within the range of the variation in the width or thickness of the particles present in the mixture, and there is a movement of the mixture on sieve compliant with the principles allowing the fine particles to fall into the holes (Mazur et al. 2013 , Krakowski 1997 , Kośmicki et al. 1993 , Dmitrewski et al. 1981 . Pneumatic separation, besides the sieve one, is the cleaning method most commonly used in food industry. The process of separation takes place thanks to the air stream that is the factor causing the appearance of the differences in the aerodynamic characteristics of particles composing mixtures. By implementing a singular or multiple air streams it is possible to separate the raw material in terms of quality, as well as geometry, density and mass properties , Kośmicki et al. 1993 , Krakowski 1997 , Tylek 2003 .
THE AIM AND SCOPE OF THE RESEARCH
The aim and tasks of the research concerned the detailed designation and assessment of selected groups of physical properties of dry granular mixture from which the juniper berry-like cones were separated. In addition, it was also to determine the geometric and mass characteristics of juniper berry-like cones in the context of juniper cleaning process and effective separation of all contaminants and other components undesirable from the technological point of view. The scope of work included the process of separation and cleaning of juniper berry-like cones performed on two laboratory separating and cleaning devices.
MATERIALS AND METHODS
Research material consisted of dried mixtures of juniper cones together with impurities collected from their natural environment using pneumatic devices, and then dried in convection drying process. Such mixtures along the desired, most valuable fractions such as juniper berry-like cones contained also a variety of organic and inorganic contaminants. Contaminations of biological origin were separated from the dried mixture; these included remains of damaged fruits, thicker needles, and pieces of twigs, as well as fine dusty debris created probably during the drying process and storage.
The division into dimension-based fractions was done using two sets of research stands, i.e. a SZ-1 laboratory sifter fitted with a set of sieves with round openings and drive providing back-and-forth motion and a laboratory vibratory sieve shaker RETSCH AS200 with variable acceleration caused by adjustable amplitude of vibration. Measurement and determination of selected properties were carried out taking into account the capability of smooth adjustment of the parameters of the cleaning and separation process ( fig. 1) . During the tests the moisture of the mixture and its tapped and bulk density were determined as well as the tipping and pouring angles and the granular composition. Fig. 1 Research stands for the determination of physical properties and conducting the process of separation and cleaning: pneumatic sieve sifter of SZ-1 type; laboratory vibratory sieve shaker RETSCH AS200.
RESULTS
The determination of physical properties of the individual components of the mixture was preceded by dividing them into size fractions. From the content of each particular fraction, the majority of which consisted of various impurities and unusable waste, the primary raw material was separated that constitutes the most valuable part of the processed undergrowth. Using the differentiationin the dimensions and shape of the particles of eachfraction their moisture content as well as geometric and mass characteristics were determined. And so the average water content in the mixture (debris, berry-like cones) was 0.063 [kg/kg s.m -1 ]. This confirms the correct preparation for and completion of the convection drying process of the mixture after it had beenharvested. The average bulk and tapped densities of the material prepared for the research were 0.357 g cm -3 and 5.02 g cm -3 respectively. In the case of tipping angle, its lowest value for clean juniper berrylike cones was obtained for the size fraction ≥ 500 μm and 100-200 μm. This was respectively 24 and 52 degrees. Lack of contamination in these fractions of the mixture significantly eased dumping of berry-like cones with the shape close to spherical. A slightly greater angle of repose (56 degrees) was recorded for the fraction of debris, with identified tendency of a decrease in this value with the increase of particle size. The highest value of tipping and pouring angle was recorded in the case of the fraction containing juniper needles. By comparing the results of these parameters for particular fractions of the mixture, it must be stated that the debris and needle significantly increase the value of the tipping angle hindering the movement of berry-like cones on an inclined surface. The results of granular distribution of mixture of dried juniper cones obtained in the course of separation on two types of separators are presented in table 1 and 2.
Due to their dimensions, juniper berry-like cones remained on the upper screens of the vibratory sieve shaker having the mesh size of 5 and 4 mm. However, it was noted that during the separation process dry berry-like cones had been damaged by the metal wire sieves. This resulted in damaged scales passing through to smaller size fractions thus reducing the quality of the berry-like cones. From the stand point of the technological relevance the implementation of the pneumatic sieve sifter produced much better outcome. In this case, the light pollution and mostly the needles were effectively separated, and most of them ended up in the size fractions of a mesh size smaller than 1 mm. The effectiveness of the separation of clean juniper berrylike cones from the mixture in the case of the sifter SZ-1 equalled to 48.07%, while in the case of the vibratory sieve shaker it was 39.71%.
DISCUSSION AND CONCLUSIONS
As demonstrated by the analysis of the test results an effective (100%) separation of impurities from the tested sample of dry mixture of forest undergrowth rendered very difficult. A significant number and amount of particular contaminants was characterised by properties very similar to the characteristics of the base species, and therefore was difficult to separate be it on the stand with pneumatic sieve sifter or the one with vibratory sieve shaker. This leads to a concussion that a mixture of undergrowth requires a special technological approach and the use of often peculiar and unconventional assembly of separating and cleaning machines. Moreover, when compared with cleaning cereal grains and seeds, the cleaning process requires to a greater extent the implementation of multiple repetitions (cycles) of the cleaning procedure, which increases the total duration of the process and its energy consumption.
Additionally, from the stand point of pneumatic separation, identification of selected group of physical properties of both the fraction of the base raw material, and the fraction of contaminants was a very important stage of this research. The obtained results of research and the analysis thereof provided a valuable database and practical insights that should be taken into account when carrying out cleaning and separation into size fractions of this group of raw materials. The determined data regarding the characteristics of mixtures may be used as guidelines in setting up the parameters of the cleaning and separation processes in industry.
